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(57) ABSTRACT 

A compact and low-cost manual input device improved in 
operatability and multifunctionality and a compact and 
low-cost vehicle-mounted device control unit provided with 
a manual input device of this kind is to be provided. A 
manual input device has a configuration consisting of a case, 
a joystick type knob and a rotary knob concentrically 
arranged over the top face of the case, one force feedback 
actuator for loading these knobs with external forces, a 
control unit for controlling the force feedback actuator, first 
and second power transmission mechanisms for individually 
transmitting the drive power of the force feedback actuator 
to the knobs, first and second detecting devices for indi- 
vidually detecting manipulated states of the knobs, and a 
push-button switch for finalizing signals set in the joystick 
type knob. A vehicle-mounted device control unit has a 
configuration consisting of the manual input device built 
into a case, on the top face of which are arranged the joystick 
type knob and the rotary knob provided for the manual input 
device, a clutch change-over switch, and push-button 
switches for selection of appliances. 
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FIG. 3 
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FIG. 5 
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FIG. 9 
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MANUAL INPUT DEVICE IMPROVED IN 
OPERATABILITY AND MULTIFUNCTIONALITY, 
AND VEHICLE-MOUNTED CONTROL DEVICE 
USING IT 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the invention 

[0002] The present invention relates to a manual input 
device with a force feedback function and a vehicle - 
mounted control device using it, and more particularly to 
technology for multifunctionalization of their input means 
and consolidation of those multiple functions. 

[0003] 2. Description of the Prior art 

[0004] Already according to the prior art, there are known 
manual input devices with a force feedback function input 
means whose knob is enabled to cause the operator to sense 
resistance and provided with a thrust according to the 
quantity and direction of its manipulation to ensure its 
accurate manipulation by enabling the operator to well feel 
its reaction to the manipulation. 

[0005] FIG. 12 illustrates a known example of manual 
input device of this kind. This manual input device consists 
of a rotary knob 101, a detecting means 102 for detecting the 
quantity and direction of the rotation of the rotary knob 101, 
an actuator 103 for loading the rotary knob 101 with an 
external force, a control unit 104 for taking in a detection 
signal a supplied from the detecting means 102 and gener- 
ating control signals c for the actuator 103, a D/A converter 
105 for digital-to-analog (D/A) conversion of the control 
signal c supplied from the control unit 104, and a power 
amplifier 106 for obtaining drive power for the actuator 103 
by amplifying the control signal c converted into an analog 
signal by the D/A converter 105. The control unit 104 
consists of a CPU 104a and a memory 1046, and in the 
memory 1046 are stored control signals c matching different 
detection signals a in a table form. The CPU 104a takes in 
the detection signal a from the detecting means 102, reads a 
control signal b matching the detection signal a that has been 
taken in out of the memory 1046, and supplies it to the D/A 
converter 105. 

[0006] As the actuator 103 is thereby driven and enabled 
to apply a force feedback to the rotary knob 101 matching 
the quantity and direction of its manipulation, this manual 
input device enables the operator to well feel its reaction to 
the manipulation and accordingly to manipulate the rotary 
knob 101 accurately. 

[0007] Manual input devices of this kind are used as 
by-wire type gear shift units for vehicles and functional 
adjustment apparatuses for various vehicle-mounted electric 
appliances including the air conditioner, radio, television, 
CD player and car navigation system. 

[0008] When used as a gear shift device, the force feed- 
back function that the manual input device is provided with 
is used as a locking means for enabling the driver to sense 
a click in changing the shift lever from one range to another, 
and thereby to forbid inappropriate manipulation of the shift 
lever from one specific range to another, for instance from 
the P (parking) range to the R (reverse) range or from the D 
(drive) range to the second speed range. Or when used as a 
functional adjustment apparatus for vehicle-mounded elec- 



tric appliances, the force feedback function that the manual 
input device is provided with would be used for facilitating 
fine tuning of functions by enabling the rotary knob 101 to 
cause the operator to sense resistance or providing an 
appropriate thrust to the rotary knob 101 thereby to make its 
manipulation lighter. Further, the detection signal a can be 
used as a shift signal for the transmission to enable the gear 
engagement of the transmission to be changed according to 
the range shifting of the shift lever. 

[0009] While the foregoing description referred to a case 
in which the manual input device is equipped with a rotary 
knob 101, a manual input device provided with a joystick 
type knob swingable in two-dimensional directions in place 
of the rotary knob 101 and one with a lever type knob 
swiveling within a fixed plane are also known. 

[0010] However, no manual input device provided with a 
plurality of knobs, each placed under force feedback control, 
has been proposed so far, leaving room for multifunction- 
alization of manual input devices and consolidation of those 
multiple functions. 

[0011] For instance, where the manual input device shown 
in FIG. 12 is to be applied as a functional adjustment 
apparatus for vehicle -mounted devices, as there are many 
vehicle-mounted devices involving diverse functions to be 
adjusted, trying to adjust the functions of all the vehicle- 
mounted devices with a single rotary knob 101 would rather 
adversely affect the operatability and be likely to invite more 
errors in operation. However, if a plurality of manual input 
devices are arranged in parallel on a vehicle -mounted device 
control unit, the manual input device will occupy a greater 
installation space, inviting another problem of a bulky and 
more costly vehicle-mounted device control unit. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention, attempted to 
solve the problems noted above, is to provide a compact and 
low-cost manual input device improved in operatability and 
multifunctionality and a compact and low-cost vehicle- 
mounted device control unit provided with a manual input 
device of this kind, also improved in operatability and 
multifunctionality. 

[0013] According to a first aspect of the invention, in order 
to solve the problems noted above, there is provided a 
manual input device comprising a plurality of concentrically 
arranged knobs; one force feedback actuator for loading the 
plurality of knobs with an external force; a plurality of 
power transmission mechanisms, connected between the 
plurality of knobs and the force feedback actuator, for 
individually transmitting drive power supplied from the 
force feedback actuator to the plurality of knobs; and a 
plurality of detecting means for individually detecting the 
manipulated states of the plurality of knobs. 

[0014] Equipping the manual input device with a plurality 
of knobs in this way enables the plurality of knobs to be used 
in a differentiated manner according to the device or the 
function to be adjusted, resulting in improved operatability 
and multifunctionalization of the manual input device. The 
concentric arrangement of the plurality of knobs makes 
possible consolidation of knob installation spaces and 
accordingly a reduction in the size of the manual input 
device. Furthermore, if the configuration is such that an 
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external force for force feedback is selectively loaded from 
a single force feedback actuator onto each knob via a 
pertinent power transmission mechanism, the configuration 
of the manual input device can be made more compact than 
where a force feedback actuator is provided for each knob, 
resulting in reductions in size and cost of the manual input 
device and accordingly in power saving. 

[0015] In a manual input device according to a second 
aspect of the invention, as the plurality of knobs in the first 
means for solving the problems, a joystick type knob and a 
rotary knob are concentrically provided. 

[0016] Equipping the manual input device in this way with 
two kinds of knobs, manipulated differently from each other, 
prevents one kind of knob from being mistaken for the other 
kind of knob. Therefore, wrong manipulation of knobs is 
avoided, resulting in improved operatability of the manual 
input device. Furthermore, because a joystick type knob 
permits adjustment of multiple functions with a single knob, 
the manual input device can be multifunctionalized with a 
small number of knobs. 

[0017] In a manual input device according to a third aspect 
of the invention, as each of the power transmission mecha- 
nisms in the first means for solving the problems, there are 
provided a clutch, a clutch change-over switch and a clutch 
change-over actuator operated by the switch. 

[0018] Equipping as each of the power transmission 
mechanisms a clutch, a clutch change-over switch and a 
clutch change-over actuator operated by the switch in this 
way makes it possible to switch the power transmission path 
from the force feedback actuator to each knob by merely 
manipulating the clutch change-over switch, resulting in 
improved operatability of the manual input device. 

[0019] In a manual input device according to a fourth 
aspect of the invention, a control unit for controlling the 
force feedback actuator in accordance with a signal from the 
plurality of detecting means is integrally provided within a 
case constituting the manual input device. 

[0020] Providing the control unit of the force feedback 
actuator in this way integrally within the case constituting 
the manual input device eliminates the need to alter external 
devices, and accordingly facilitates the application of the 
manual input device to the external devices. 

[0021] In a manual input device according to a fifth aspect 
of the invention, a control unit for controlling the force 
feedback actuator in accordance with a signal from the 
plurality of detecting means is provided in an external 
device operated with the plurality of knobs. 

[0022] Providing the control unit of the force feedback 
actuator in this way in an external device makes the control 
unit dispensable for the manual input device, and therefore 
makes it possible to reduce the size, and accordingly the 
cost, of the manual input device. 

[0023] In a manual input device according to a sixth aspect 
of the invention, as the plurality of power transmission 
mechanisms in the first means for solving the problems, 
there are at least a first power transmission mechanism for 
transmitting drive power from the force feedback actuator 
provided for one of the plurality of knobs; a second power 
transmission mechanism for transmitting drive power from 
the force feedback actuator provided for another of the 



plurality of knobs; a first clutch plate fitted to a drive shaft 
of the force feedback actuator to be slidable in an axial 
direction; and a clutch change-over actuator for sliding the 
first clutch plate, wherein the first power transmission 
mechanism is provided with a second clutch plate capable of 
being coupled to the first clutch plate, wherein the second 
power transmission mechanism is provided with a third 
clutch plate capable of being coupled to the first clutch plate, 
and wherein the coupling between the first clutch plate and 
the second clutch plate or the third clutch plate is changed 
over by having the clutch change-over actuator slide the first 
clutch plate. 

[0024] Providing power transmission mechanisms in this 
way makes it possible to selectively give drive power from 
the force feedback actuator to the plurality of knobs, result- 
ing in improved operatability of the manual input device. 

[0025] In a manual input device according to a seventh 
aspect of the invention, in the sixth means for solving the 
problems, a joystick type knob is provided as one of the 
plurality of knobs and a rotary knob as another of the 
plurality of knobs. 

[0026] Equipping the manual input device in this way with 
two kinds of knobs, manipulated differently from each other, 
prevents one kind of knob from being mistaken for the other 
kind of knob. Therefore, wrong manipulation of knobs is 
avoided, resulting in improved operatability of the manual 
input device. Furthermore, because a joystick type knob 
permits adjustment of multiple functions with a single knob, 
the manual input device can be multifunctionalized with a 
relatively small number of knobs. 

[0027] In a manual input device according to an eighth 
aspect of the invention, as the plurality of knobs in the 
seventh means for solving the problems, the joystick type 
knob and the rotary knob are concentrically disposed. 

[0028] Arrangement of knobs in this way makes possible 
consolidation of knob installation spaces and accordingly a 
reduction in the size of the manual input device. 

[0029] According to the invention, there is also provided 
a vehicle-mounted device control unit having an electric 
appliance selection switch for selecting an electric appliance 
whose function is to be adjusted and a manual input device 
for adjusting a function possessed by the electric appliance 
selected by the selection switch, wherein the manual input 
device has a plurality of knobs arranged concentrically, one 
force feedback actuator for loading external forces onto the 
plurality of knobs, a plurality of power transmission mecha- 
nisms, connected between the plurality of knobs and the 
force feedback actuator, for individually transmitting drive 
power supplied from the force feedback actuator to each of 
the plurality of knobs, and a plurality of detecting means for 
individually detecting manipulated states of the plurality of 
knobs. 

[0030] Equipping the vehicle-mounted device control unit 
with electric appliance selection switches for selecting the 
electric appliance whose function is to be adjusted, func- 
tional selection switches for selecting the function to be 
adjusted of the electric appliance selected by the appliance 
selection switch, and a manual input device for adjusting the 
function selected by the functional selection switch in this 
way enables a single vehicle-mounted device control unit to 
centrally accomplish functional adjustment of many electric 
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appliances, thereby facilitating the functional adjustment of 
various vehicle-mounted electric appliances and enhancing 
the safe drive performance of the vehicle. Further, if the 
vehicle-mounted device control unit is provided with a 
manual input device having a plurality of knobs, it is 
possible to use the plurality of knobs in a differentiated 
manner according to the device or the function to be 
adjusted, resulting in improved operatability and multifunc- 
tionalization of the vehicle-mounted device control unit. 
Moreover, concentric arrangement of the plurality of knobs 
would make possible consolidation of knob installation 
spaces and accordingly a reduction in the size of the vehicle - 
mounted device control unit. Furthermore, if the configura- 
tion is such that an external force for force feedback is 
selectively loaded from a single force feedback actuator onto 
each knob via a required power transmission mechanism, 
the configuration of the vehicle-mounted device control unit 
can be made more compact than where a force feedback 
actuator is provided for each knob, resulting in reductions in 
size and cost of the vehicle -mounted device control unit and 
accordingly in power saving. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a partial section showing the states of 
various parts when the joystick type knob of the manual 
input device pertaining to a preferred embodiment of the 
present invention is being manipulated. 

[0032] FIG. 2 is a partial section showing the states of 
various parts when the rotary knob of the manual input 
device pertaining to the embodiment of the invention is 
being manipulated. 

[0033] FIG. 3 is a perspective drawing in the direction of 
A in FIG. 1. 

[0034] FIG. 4 is a section cut by plane B-B in FIG. 1. 

[0035] FIG. 5 is a perspective drawing illustrating the 
configuration of a stick controller provided in the manual 
input device pertaining to the embodiment of the invention. 

[0036] FIG. 6 illustrates the operation that takes place 
where a joystick type knob is applied for selection of a 
function and functional adjustment of a vehicle-mounted air 
conditioner. 

[0037] FIG. 7 illustrates the operation that takes place 
where a rotary knob is applied for functional adjustment of 
a vehicle-mounted air conditioner. 

[0038] FIG. 8 is a partial section of another example of the 
manual input device embodying the invention. 

[0039] FIG. 9 is a perspective view of essential parts 
showing how the vehicle -mounted device control unit 
embodying the invention is fitted to the dashboard. 

[0040] FIG. 10 is a plan of essential parts showing the 
interior slate of a vehicle fitted with the vehicle-mounted 
device control unit embodying the invention. 

[0041] FIG. 11 is a functional block diagram of the 
vehicle-mounted device control unit embodying the inven- 
tion. 

[0042] FIG. 12 illustrates the configuration of a manual 
input device according to the prior art. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
[0043] An example of manual input device embodying the 
present invention will be described below with reference to 
FIG. 1 through FIG. 5. FIG. 1 is a partial section showing 
the states of various parts when a joystick type knob is being 
manipulated; FIG. 2, a section showing the states of various 
parts when a rotary knob is being manipulated; FIG. 3, a 
perspective drawing in the direction of A in FIG. 1; FIG. 4, 
a section cut by plane B-B in FIG. 1; and FIG. 5, a 
perspective drawing illustrating the configuration of a stick 
controller. 

[0044] As shown in FIG. 1 and FIG. 2, this example of 
manual input device 1 A consists of a case 1, a joystick type 
knob 2 and a rotary knob 3 concentrically arranged over the 
top face of the case 1, one force feedback actuator 4 for 
loading these knobs 2 and 3 with external forces, a control 
unit 5 for controlling the force feedback actuator 4, first and 
second power transmission mechanisms 6 and 7 for indi- 
vidually transmitting the drive power of the force feedback 
actuator 4 to the knobs 2 and 3, first and second detecting 
means 8 and 9 for individually detecting the manipulated 
states of the knobs 2 and 3, and a push-button switch 10 for 
finalizing signals set in the joystick type knob 2. 

[0045] The joystick type knob 2 consists of a grip 2a, a 
ball 2b, a link 2c and a bearing 2d. By fitting the ball 2b to 
a ball bearing la provided on the top face of the case 1 and 
arranging the grip 2a outside and the link 2c and the bearing 
2d inside the case 1, the joystick type knob 2 is fitted 
swingably to the case 1. The push-button switch 10 is fitted 
to part of the grip 2a, so that a switching signal supplied 
from the first detecting means 8 for determining the manipu- 
lation signal for the joystick type knob 2 can be entered into 
the control unit 5 by manipulating the pertinent push-button 
switch 10 at a prescribed timing after manipulating the grip 
2a. To the link 2c is connected the manipulating lever Sa of 
the first detecting means 8. As the first detecting means 8 can 
be used a stick controller. 

[0046] The stick controller (the first detecting means 8), as 
shown in FIG. 5, consists of the manipulating lever Sa held 
swingably by a case 12, a converter 15 for converting the 
swinging motions of the manipulating lever 8a into rotating 
motions of two rotary members 13 and 14 arranged in 
directions of a right angle to each other, and two rotary 
encoders or variable resistors 15 and 16 for converting the 
quantities and directions of rotation of the two rotary mem- 
bers 13 and 14 into electrical signals. The encoders or 
variable resistors 15 and 16 supply first detection signals al 
matching the quantity and direction of the swinging of the 
grip 2a of the joystick type knob 2. 

[0047] In the rotary knob 3 which is formed in a bowl 
shape, an internal gear 3a is formed on its inner surface in 
the circumferential direction. A pinion 17 adhered to the 
drive shaft 9a of the second detecting means 9 is engaged 
with the internal gear 3a. As the second detecting means 9, 
a rotary encoder or a variable resistor for converting the 
quantity and direction of the rotation of the rotary knob 3 
into electrical signals can be used, and the second detecting 
means 9 supplies a second detection signal a2 matching the 
quantity and direction of the rotation of the rotary knob 3. 

[0048] As the force feedback actuator 4, a rotary motor 
such as a DC motor or stepping motor, for instance, is 
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provided. On the drive shaft 4a of the force feedback 
actuator 4 are formed splines or serrations (not shown), to 
which is fitted a first clutch plate 18 having in its central part 
spline holes or serration holes (not shown) capable of 
respectively engaging with them. Therefore, the first clutch 
plate 18 can slide in the axial direction of the drive shaft 4a, 
and rotates integrally with the drive shaft 4a. This first clutch 
plate 18 is moved forward or backward in the axial direction 
of the drive shaft 4a via a fork 30 by a clutch change-over 
actuator 20, which is turned on and off with the clutch 
change-over switch 19. As the clutch change-over actuator 
20, a linear motor such as a voice coil motor or a solenoid 
can be used. 

[0049] The first power transmission mechanism 6 for 
transmitting the drive power of the force feedback actuator 
4 to the joystick type knob 2 consists of the first clutch plate 
18, a second clutch plate 21 that is coupled to the first clutch 
plate 18 when the first clutch plate 18 is moved forward, a 
swiveling arm 22 to which the second clutch plate 21 is 
adhered, and a connecting rod 23 both ends of which are 
oscillatably held by a ball bearing 22a formed at the tip of 
the swiveling arm 22 and the bearing 2d formed at the lower 
end of the joystick type knob 2. The central axis 22b of the 
swiveling arm 22 is arranged coaxially with the drive shaft 
4a of the force feedback actuator 4 as shown in FIG. 1 and 
FIG. 4, and set to a bracket 24 standing on the case 1. 

[0050] On the other hand, the second power transmission 
mechanism 7 for transmitting the drive power of the force 
feedback actuator 4 to the rotary knob 3 consists of the first 
clutch plate 18 and a third clutch plate 25 which is fitted to 
the second detecting means 9 and coupled to the first clutch 
plate 18 when the first clutch plate 18 is moved backward. 

[0051] The control unit 5 consists of a CPU 5a and a 
memory 5b. The memory 56 stores data and a program for 
analyzing the detection signals al and a2 and drive data and 
a drive program for the force feedback actuator 4. The CPU 
5a takes in the detection signals al and a2, analyzes the 
detection signals al and a2 on the basis of the data and the 
program stored in the memory 5b, determines a control 
signal c matching the detection signals al and a2 on the basis 
of the data and the program stored in the memory 56, and 
supplies it to the force feedback actuator 4. This control unit 
5, connected to the electric appliance (not shown) whose 
function is to be adjusted with the joystick type knob 2 and 
the rotary knob 3, supplies a control signal d for the electric 
appliance matching the detection signals al and a2 and 
thereby adjusts the pertinent function of the electric appli- 
ance. Either this control unit 5 can be provided within the 
case 1, or a control unit provided in an external apparatus 
can be used instead of an internal circuit. 

[0052] The control signals c of the force feedback actuator 
4 are signals respectively matching different feelings which 
the knobs 2 and 3 would give the user. The types of the 
signals include "generation of vibration", "generation of 
impacting force" and "changing the operating force". Where 
the signal is for the "generation of vibration", a control 
signal c signifying such factors as the intensity and form of 
the vibration, load duration and frequency will be formed. 
Or where the signal is for the "generation of impacting 
force", a control signal c signifying such factors as the 
intensity and form of the impacting force and the number of 
loading will be formed. Further, where the signal is for 



"changing the operating force", a control signal c signifying 
such factors as the intensity and working direction of the 
operating force and load duration will be formed. 

[0053] The operation of the manual input device 1A, 
which is the first preferred embodiment of the present 
invention, configured as described above will be described 
below. 

[0054] When the clutch change-over switch 19 is turned 
on, the clutch change-over actuator 20 is started, the first 
clutch plate 18 moves forward, the engagement between the 
first clutch plate 18 and the third clutch plate 25 will be 
released and, at the same time, the first clutch plate 18 and 
the second clutch plate 21 are coupled to each other. This 
results in a state wherein the drive shaft 4a of the force 
feedback actuator 4 is linked only to the joystick type knob 
2 via the first power transmission mechanism 6, i.e. the first 
clutch plate 18, the second clutch plate 21, the swiveling arm 
22 and the connecting rod 23, and accordingly the drive 
power of the force feedback actuator 4 can be selectively 
transmitted to only the joystick type knob 2. The joystick 
type knob 2 and the swiveling arm 22 are linked by the 
connecting rod 23; the swiveling arm 22 is fitted to a central 
axis 22a, arranged coaxially with the drive shaft 4a of the 
force feedback actuator 4, to be able to swivel around it and, 
as the swiveling arm 22 is held by the bracket 24, swinging 
of the joystick type knob 2 would result, according to the 
swinging direction, in either inclination of the connecting 
rod 23 alone as shown in FIG. 1 or swiveling of the 
swiveling arm 22 around the central axis 22a as shown in 
FIG. 3 and FIG. 4, accompanied by inclination of the 
connecting rod 23 to keep the joystick type knob 2 linked to 
the drive shaft 4a of the force feedback actuator 4 all the 
time. Therefore, when the clutch change-over switch 19 is 
turned on, the drive power of the force feedback actuator 4 
can be transmitted to the joystick type knob 2 irrespective of 
the swung state of the joystick type knob 2. 

[0055] When the joystick type knob 2 is swung, the 
motion is transmitted to the manipulating lever 8a of the first 
detecting means 8 via a link 11 with the result that a first 
detection signal al matching the quantity and direction of 
the swinging of the joystick type knob 2 is supplied from the 
encoders or variable resistors 15 and 16 provided in the stick 
controller (first detecting means) 8. This first detection 
signal al is taken into the CPU 5a, and converted into a 
control signal c for the force feedback actuator 4 in accor- 
dance with data and a program stored in the memory 56. The 
force feedback actuator 4 is driven by this control signal c, 
and loads specific external forces matching the quantity 
and/or direction of the swinging of the joystick type knob 2 
onto the joystick type knob 2. The CPU 5a, in accordance 
with the first detection signal al, selects the electric appli- 
ance whose function is to be adjusted and adjusts the 
function of the selected electric appliance. 

[0056] FIG. 6 illustrates the operation that takes place 
where the joystick type knob 2 is applied for selection of a 
function and functional adjustment of a vehicle-mounted air 
conditioner. As shown in FIG. 6(a), by tilting the joystick 
type knob 2 forward, backward, leftward or rightward from 
its central position, the front defroster, rear defogger, tem- 
perature adjustment or air flow rate adjustment can be 
selected. According to the quantity and direction of the 
tilting of the joystick type knob 2, the first detection signal 
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al supplied from the stick controller (first detecting means) 
8 changes. The CPU 5a takes in this first detection signal al, 
drives the force feedback actuator 4 by supplying a control 
signal c matching the first detection signal al, and loads an 
external force in the pertinent mode onto the joystick type 
knob 2. The four graphs shown in FIG. 6(a) illustrate the 
relationship between the tilted quantity SI of the joystick 
type knob 2 and the pertinent external force F working on 
the joystick type knob 2. As is evident from these graphs, an 
external force F differing in form with the tilted direction of 
the joystick type knob 2 is loaded onto the joystick type 
knob 2. This enables the operator to know by blind touch 
that the joystick type knob 2 has been moved in the intended 
direction. In addition to that, in order to prevent the joystick 
type knob 2 from being operated in a wrong direction, it is 
also possible to cause the force feedback actuator 4 to apply 
to the joystick type knob 2 an external force to guide the 
joystick type knob 2 always in the right direction, i.e. in the 
example of FIG. 6 forward, backward, leftward or rightward 
from its central position. 

[0057] The selection of the front defroster, rear defogger, 
temperature adjustment or air flow rate adjustment is final- 
ized by pressing the push-button switch 10, and according to 
the finalized selection the CPU Sa is connected to the 
selected electric appliance. If, for instance, temperature 
adjustment of the air conditioner is selected by tilting the 
joystick type knob 2 leftward, the function of the joystick 
type knob 2 will then be switched to temperature adjustment 
of the air conditioner and, as shown in FIG. 6 (b), the 
temperature can be raised by tilting the joystick type knob 2 
forward or lowered by tilting it backward from its central 
position. In this case again, the CPU 5a takes in the first 
detection signal al supplied from the stick controller 8, and 
supplies a control signal c matching the first detection signal 
al. It drives the force feedback actuator 4 with the control 
signal c, and loads the joystick type knob 2 with the required 
one of the external forces illustrated in FIG. 6(6). The mode 
of the external force when the air conditioner function is 
selected and that of the external mode when functional 
adjustment of the air conditioner may be in either the same 
as or different from each other in the same direction of 
manipulating the joystick type knob 2. FIG. 6 shows a case 
in which they are different. It is also possible to select the air 
conditioner function with the joystick type knob 2 and 
functional adjustment of the air conditioner with the rotary 
knob 3. The operation of the rotary knob 3 will be described 
below. 

[0058] When the clutch change-over switch 19 is turned 
off, the clutch change-over actuator 20 is stopped, and the 
elasticity of an elastic member (not shown) provided in the 
clutch change-over actuator 20 moves back the first clutch 
plate 18 with the result that the engagement between the first 
clutch plate 18 and the second clutch plate 21 is released and 
the first clutch plate 18 and the third clutch plate 25 are 
coupled to each other. This causes the drive shaft 4a of the 
force feedback actuator 4 to be linked only to the rotary knob 
3 via the second power transmission mechanism 7, i.e. the 
first clutch plate 18, the third clutch plate 25, the second 
detecting means 9, the pinion 17 and the internal gear 3a, 
resulting in a state in which the drive power of the force 
feedback actuator 4 can be selectively transmitted onto the 
rotary knob 3. As the third clutch plate 25 is adhered to the 
second detecting means 9 and the second detecting means 9 
is adhered to the case 1, the linked state between the rotary 



knob 3 and the drive shaft 4a of the force feedback actuator 
4 is maintained all the time even if the rotary knob 3 is 
turned. Therefore, when the clutch change-over switch 19 is 
turned off, the drive power of the force feedback actuator 4 
can be transmitted to the rotary knob 3 irrespective of how 
the rotary knob 3 is turned. 

[0059] When the rotary knob 3 is turned, as its motion is 
transmitted to the drive shaft 9a of the second detecting 
means 9 via the internal gear 3a and the pinion 17, a second 
detection signal a2 matching the quantity and direction of 
the rotation of the rotary knob 3 is supplied from the second 
detecting means 9. This second detection signal a2 is taken 
into the CPU 5a, and converted into a control signal c for the 
force feedback actuator 4 on the basis of the data and the 
program stored in the memory 5b. The force feedback 
actuator 4 is driven by this control signal c, and loads a 
specific external force matching the quantity and/or direc- 
tion of the rotation of the rotary knob 3 onto the rotary knob 
3. The CPU 5a, in accordance with the first detection signal 
a2, selects the electric appliance whose function is to be 
adjusted and adjusts the function of the selected electric 
appliance. 

[0060] FIG. 7 illustrates the operation that takes place 
where the rotary knob 3 is applied for functional adjustment 
of a vehicle -mounted air conditioner. The air flow rate of the 
air conditioner can be decreased or increased by turning the 
rotary knob 3 leftward or rightward, respectively, from its 
central position. The four graphs shown in FIG. 7 illustrate 
the relationship between the rotated quantity S2 of the rotary 
knob 3 and the pertinent external force F working on the 
rotary knob 3. As is evident from these graphs, an external 
force F differing in form with the rotated direction of the 
rotary knob 3 is loaded onto the rotary knob 3. In this case, 
the CPU 5a supplies a control signal c matching the second 
detection signal a2 which varies with the quantity and 
direction of the rotation of the rotary knob 3 to drive the 
force feedback actuator 4, and thereby loads the rotary knob 
3 with an external force in the required mode. This enables 
the operator to know by blind touch that the intended electric 
appliance has been controlled with the rotary knob 3. The 
mode of the external force when the temperature the air 
conditioner is to be adjusted and that of the external mode 
when the air flow rate of the air conditioner is to be adjusted 
may be in either the same as or different from each other in 
the same direction of manipulating the rotary knob 3. FIG. 
7 shows a case in which they are different. 

[0061] Whereas functional adjustment of the air condi- 
tioner has been described regarding this embodiment of the 
invention by way of example, the applications of the manual 
input device pertaining to the invention are not limited to 
this example but can include the control of various vehicle- 
mounted electric appliances including the radio, television, 
CD player, car navigation system, steering wheel tilting 
device, seat posture adjusting device, telephone, voice rec- 
ognition and gear shift. 

[0062] Further, while the clutch change-over switch 19 is 
set in the case 1 in the embodiment described above, the 
clutch change-over switch 19 can as well be set in the 
joystick type knob 2 as shown in FIG. 8 instead of the 
configuration described above. In this case, the choice for 
use as the clutch change-over switch 19 includes, besides a 
push-button switch, a touch sensor or an infrared sensor 
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which, upon detection of grabbing or attempting to grab the 
joystick type knob 2 by the operator, automatically drives 
the clutch change-over actuator 20 to move the first clutch 
plate 18 forward or backward. 

[0063] Next will be described an example of vehicle - 
mounted device control unit pertaining to the present inven- 
tion with reference to FIG. 9 through FIG. 11. FIG. 9 is a 
perspective view of essential parts showing how the vehicle- 
mounted device control unit embodying the invention is 
fitted to the dashboard; FIG. 10, a plan of essential parts 
showing the interior state of a vehicle fitted with the vehicle- 
mounted device control unit embodying the invention; and 
FIG. 11, a functional block diagram of the vehicle -mounted 
device control unit embodying the invention. 

[0064] As is evident from FIG. 9, in a vehicle-mounted 
device control unit 51 embodying the invention in this mode, 
a case 52 is formed in a rectangular container shape of a 
required size, and the manual input device 1A embodying 
the invention is built into the case 52, over which are 
arranged the joystick type knob 2 and the rotary knob 3 
provided for the manual input device 1A and the clutch 
change-over switch 19. Also arranged on the top face of the 
case 52 are six push-button switches 54a, 54/?, 54c, 54a*, 54e 
and 54/ in an arc shape around the setting section of the knob 
3. In the front face of the case 52 are opened a card slot 57 
and a disk slot 58. Sign D in the drawing denotes a display 
unit. 

[0065] This vehicle-mounted device control unit, as 
shown in FIG. 10, is fitted on the dashboard A of the vehicle 
between the driver's seat B and the front passenger seat C. 

[0066] The six push-button switches 54a through 54/ 
arranged in an arc shape are electric appliance selection 
switches for selecting one or another of the vehicle-mounted 
electric appliances to be operated by using the vehicle - 
mounted device control unit 51 embodying the invention, 
including for instance the air conditioner, radio, television, 
CD player, car navigation system, steering wheel tilting 
device, seat posture adjusting device, telephone, voice rec- 
ognition and gear shift, and they are individually connected 
to the vehicle -mounted electric appliances. Whereas the 
pairing of a push-button switch and a vehicle-mounted 
electric appliance can be set as desired, in this example of 
vehicle-mounted device control unit 51, as shown in FIG. 
11, the push-button switch 54a is connected to the air 
conditioner, the push-button switch S4b to the radio, the 
push-button switch 54c to the television, the push-button 
switch 54a* to the CD player, the push-button switch 54e to 
the car navigation system, and the push-button switch 54/ to 
the steering wheel tilting device. By pressing the knob of a 
desired push-button switch, the vehicle-mounted electric 
appliance connected to the push-button switch can be 
selected. 

[0067] The manual input device 1A built into the case 52 
is the functional adjustment means for the vehicle-mounted 
electric appliance selected with the pertinent one of the 
push-button switches 54a through 54/ Where the air con- 
ditioner is selected with the push-button switch 54a for 
instance, a desired one out of the front defroster, rear 
defogger, temperature adjustment and air flow rate adjust- 
ment can be selected by manipulating the joystick type knob 
2, and the temperature or air flow rate of the air conditioner 
can be adjusted by manipulating the joystick type knob 2 or 



the rotary knob 3. The methods of selecting a function and 
adjusting the temperature and air flow rate of the air con- 
ditioner using the joystick type knob 2 and the rotary knob 
3, together with the force feedback control the joystick type 
knob 2 and the rotary knob 3 accomplished in that connec- 
tion, have already been described with reference to the 
manual input device embodying the invention, and therefore 
the description will not be duplicated here. 

[0068] Although the selection of the desired vehicle- 
mounted electric appliance is accomplished with push- 
button switches 54a through 54/ the desired function of the 
selected vehicle-mounted electric appliance is accomplished 
with the joystick type knob 2 and the adjustment of the 
selected function of the vehicle-mounted electric appliance 
is accomplished with the joystick type knob 2 or the rotary 
knob 3 in this example, it is also possible to replace this 
configuration with another in which functional selection 
switches for vehicle-mounted electric appliances are pro- 
vided in part of the case 52 constituting the vehicle -mounted 
device control unit 51 and the joystick type knob 2 and the 
rotary knob 3 are used only for adjusting the functions of the 
appliances. 

[0069] Since the vehicle-mounted device control unit 
embodying the invention is thus able to centrally control the 
plurality of vehicle-mounted electric appliances, the func- 
tion of each vehicle-mounted electric appliance can be 
readily accomplished, making it possible to enhance the 
safety of vehicle driving. Further, as what is provided with 
a plurality of knobs is used as the manual input device, the 
plurality of knobs can be differentiated in use according to 
the type or function of the electric appliance to be adjusted, 
the vehicle -mounted device control unit can be improved in 
operatability and multifunctionalized. 

[0070] Since the manual input device according to the 
invention is equipped with a plurality of knobs, the plurality 
of knobs can be used in a differentiated manner according to 
the device or the function to be adjusted, resulting in 
improved operatability and multifunclionalization of the 
manual input device. The concentric arrangement of the 
plurality of knobs makes possible consolidation of knob 
installation spaces and accordingly a reduction in the size of 
the manual input device. Furthermore, as the configuration 
is such that an external force for force feedback is selectively 
loaded from a single force feedback actuator onto each knob 
via a required power transmission mechanism, the configu- 
ration of the manual input device can be made more compact 
than where a force feedback actuator is provided for each 
knob, resulting in reductions in size and cost of the manual 
input device and accordingly in power saving. 

[0071] Since the vehicle-mounted device control unit is 
equipped with electric appliance selection switches for 
selecting the electric appliance whose functions are to be 
adjusted and a manual input device for adjusting the func- 
tion selected by the functional selection switch, a single 
vehicle-mounted device control unit can centrally accom- 
plish functional adjustment of many electric appliances, 
thereby facilitating the functional adjustment of various 
vehicle-mounted electric appliances and enhance the safe 
drive performance of the vehicle. Further, as the vehicle- 
mounted device control unit is provided with a manual input 
device having a plurality of knobs, it is possible to use the 
plurality of knobs in a differentiated manner according to the 
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device or the function to be adjusted, resulting in improved 
opcratability and multifunctionalization of the vehicle - 
mounted device control unit. Moreover, the concentric 
arrangement of the plurality of knobs makes possible con- 
solidation of knob installation spaces and accordingly a 
reduction in the size of the vehicle-mounted device control 
unit. Furthermore, as the configuration is such that an 
external force for force feedback is selectively loaded from 
a single force feedback actuator onto each knob via a 
required power transmission mechanism, the configuration 
of the vehicle-mounted device control unit can be made 
more compact than where a force feedback actuator is 
provided for each knob, resulting in reductions in size and 
cost of the vehicle-mounted device control unit and accord- 
ingly in power saving. 

What is claimed is: 

1. A manual input device comprising a plurality of con- 
centrically arranged knobs; one force feedback actuator for 
loading the plurality of knobs with an external force; a 
plurality of power transmission mechanisms, connected 
between the plurality of knobs and the force feedback 
actuator, for individually transmitting drive power supplied 
from the force feedback actuator to the plurality of knobs; 
and a plurality of detecting means for individually detecting 
the manipulated states of the plurality of knobs. 

2. The manual input device according to claim 1, wherein 
a joystick type knob and a rotary knob are concentrically 
provided as the plurality of knobs. 

3. The manual input device according to claim 1, wherein 
each of the power transmission mechanisms is provided with 
a clutch, a clutch change-over switch and a clutch change- 
over actuator operated with the switch. 

4. The manual input device according to claim 1, wherein 
a control unit for controlling the force feedback actuator in 
accordance with a signal from the plurality of detecting 
means is integrally provided within a case constituting the 
manual input device. 

5. The manual input device according to claim 1, wherein 
a control unit for controlling the force feedback actuator in 
accordance with a signal from the plurality of detecting 
means is provided in an external device operated with the 
plurality of knobs. 



6. The manual input device according to claim 1, having, 
as the plurality of power transmission mechanisms, at least 
a first power transmission mechanism for transmitting drive 
power from the force feedback actuator provided for one of 
the plurality of knobs; a second power transmission mecha- 
nism for transmitting drive power from the force feedback 
actuator provided for another of the plurality of knobs; a first 
clutch plate fitted to a drive shaft of the force feedback 
actuator to be slidable in an axial direction; and a clutch 
change-over actuator for sliding the first clutch plate, 
wherein the first power transmission mechanism is provided 
with a second clutch plate capable of being coupled to the 
first clutch plate, wherein the second power transmission 
mechanism is provided with a third clutch plate capable of 
being coupled to the first clutch plate, and wherein the 
coupling between the first clutch plate and the second clutch 
plate or the third clutch plate is changed over by having the 
clutch change-over actuator slide the first clutch plate. 

7. The manual input device according to claim 6, wherein 
one of the plurality of knobs is a joystick type knob and 
another of the plurality of knobs is a rotary knob. 

8. The manual input device according to claim 1, wherein 
the joystick type knob and the rotary knob are concentrically 
disposed. 

9. A vehicle-mounted device control unit having an elec- 
tric appliance selection switch for selecting an electric 
appliance whose function is to be adjusted and a manual 
input device for adjusting a function possessed by the 
electric appliance selected by the selection switch, wherein 
the manual input device has a plurality of knobs arranged 
concentrically, one force feedback actuator for loading 
external forces onto the plurality of knobs, a plurality of 
power transmission mechanisms, connected between the 
plurality of knobs and the force feedback actuator, for 
individually transmitting drive power supplied from the 
force feedback actuator to each of the plurality of knobs, and 
a plurality of detecting means for individually detecting 
manipulated states of the plurality of knobs. 

***** 
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